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There has been increasing evidence that, under many abnormal conditions, the 
circulating blood contains the type of cell known as the endothelial phagocyte, the 
clasmatocyte, or  the macrophage.  The theory that  endothellum  gives  rise  to 
free, phagocytic, mononuclear cells was first advanced by Mallory (1), in 1898, 
in connection with the study of the lesions of typhoid fever.  He found desqua- 
mated endothelial cells in clots in the heart's blood and said that it was difficult 
to explain why they had not been seen in the peripheral blood at some stage of 
the fever, unless they were destroyed by the technique of making the films  (page 
627).  • The first observations we have found of this cell in the peripheral  blood 
were by Rowley (2), who found large cells with distinctive nuclei and a cytoplasm 
somewhat similar to that of the large lymphocyte in the blood of a patient with 
tertian malaria and in three cases of lymphatic leucemia, and described them so 
accurately as to give little difficulty in the interpretation.  She found them cgn- 
taining  both  red  and  white  cells.  The  next  year  (3)  she  described  watching 
remarkable phagocytosis of red and white cells by large, living cells from the blood 
in a case of fatal anemia.  In 1911, Leede (4) described very delicate lymphocytes 
in the blood of a case of ulcerative endocarditis.  Again, the interpretation that he 
was dealing with endothelluin is ours.  Neukirch (5) made the first interpretation, 
of which we are aware, of endothellum in the peripheral blood, in cells containing 
bile pigment, from a patient with jaundice.  Endothellum was then found in the 
blood by Kraus (6) in a case of splenomegaly.  In 1913, Netou~ek (7) described 
endothellum in the circulating blood of a  case of cholera and  subsequently  (8) 
in a variety of pathological conditions, ulcerative endocarditis, leucemia, chlorosis, 
in staphylococcus infections, in typhoid fever, after typhoid inoculations, and in 
cancer.  In this  second communication he stated incidentally that he had seen 
cells  in normal blood, which he  suspected were also desquamated  endothellum. 
K[i~eneck~ (9) studied the blood of frogs after a ligature had remained around one 
leg for an hour, and found desquamation of sheets of endothellum into the blood 
stream.  Since then, endothellum has been seen by many observers in the blood, 
most  often in  ulcerative  endocarditis  and  in  lencemia.  Kaznelson  (10)  found 
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numerous endothelial  ceils in the blood at certain  times in cases of purpura.  In 
our interpretation,  it was endothelium which was described by Franco and Ferrata 
(11) in leucemic blood, and illustrated  by Ferrata (12, Plate xx) under the name of 
"hemohistioblast."  They, however, consider the hemohistioblast  as a cell of the 
connective tissues and think that it can give rise to neutrophilic  and eosinophillc 
leucocytes.  In 1919, Schilling (13) reported two cases of ulcerative  endocarditis 
in which he found a great increase both in monocytes and in endothdial cells, and 
the latter showed the same  remarkable  ~  "  of  the case  phagocytosls  whole cells as 
reported  previously  by  Miss  Rowley.  Schilling  interpreted  his  findings  as 
showing the genetic  relationship  of monocytes  and endothelial  phagocytes  and 
their  separation  from the myeloid  and  lymphoid forms.  Further observations 
and  analyses  of  the  literature  have  been  given  by  Bittorf  (14),  who 
discusses desquamation  of endothelium  in relation  to hemorrhagic  diathesis,  and 
by Richter (15), who found the cell, which we are describing as endothelium, in 
in a case of leucemia and interpreted it as Ferrata's hemohistioblast. 
We propose to show that desquamated endothelium is a  practically 
constant constituent of normal blood, that it is not identical with the 
monocyte, and that its numbers are increased under many pathological 
conditions.  Thus, we think that there are two strains of phagocytic 
mononudear  cells  in  normal  blood,  desquamated  endothelium  and 
monocytes. 
It must, however, be admitted that there is a marked tendency at the present 
time toward the theory that the mononuclear cells of the connective tissues repre- 
sent a single strain,  which is more and more coming to be regarded as the type of 
cell which the experiments of Goldmann (16, 17) discriminated as a highly phago- 
cytic type, the macrophage of the connective tissues.  The essential unity of the 
phagocytic mononuclear  cells as a group derived  from endothelium  is primarily 
associated with the name of Mallory.  It is this same concept which seemed in- 
volved in the original use of the term "reticulo-endothelial  system" by Aschoff 
(Aschoff  and Kiyono, 18, page 386), but in his most recent paper Aschoff {19, 1926) 
brings out a point which agrees with our experience that there is a physiological 
distinction between the reticular  cells and the reticulo-endothelium  of the sinuses 
of lymph glands because the reticular cells take in particulate matter, both more 
slowly and in less amount. 
Cunningham,  Sabin, and Doan (20-22) have recently advanced the theory that 
the phagocytic mononuclear cells of the connective tissues  are representatives  of 
two different strains of cells: one, the  clasmatocyte,  probably derived  from endo- 
thelium,  and the other,  the  monocyte,  derived more directly  from mesenchyme. 
The discrimination  of these two strains  of cells is largely on the basis of a differ- 
ence in cytoplasmic activity, as judged by the supravital technique.  By them the 
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Goldmann  (16,  17), the macrophages of Metschnikoff (23), of Evans and Schule- 
mann  (24),  and of Evans  (25).  They are  the cells  which take in  the  largest 
amounts of the insoluble dyes of our experiments  and segregate them in large 
masses in vacuoles of digestion.  We think that these vacuoles of digestion form 
only after materials have been taken into the cell, so that the appearance of the 
cell varies greatly, according to its functional state; and that the vacuoles, when 
formed, are distributed  throughout  the  cell,  entirely without pattern.  In the 
monocyte, on the other hand, Cunningham, Sabin, and Doan found that there is a 
special constant organ of the cytoplasm, namely, a  rosette of tiny bodies, prob- 
ably small vacuoles, which stain in a  fairly constant shade in neutral red and 
surround the centrosphere.  It is clear that monocytes, as well as clasmatocytes, 
can phagocytize massive structures, such as whole red cells or white cells, but, on 
account of the presence of the rosette around the centrosphere, such phagocytized 
debris occupies a peripheral position in the monocyte. 
The most important  development of this  concept that there is a strain of ceils 
of the connective tissues,  characterized by a  special rosette, is the identification 
of the epithelioid cell, as it occurs in tuberculosis  and other pathological condi- 
tions, such as Hodgkin's disease, as a derivative of the monocyte (22, 26).  The 
epithelioid cell is considered in these two papers as a type in which there has been 
an enormous increase in the size of the rosette, due to an  actual decrease in the 
size, but a great increase in the number of the individual bodies of the rosette of 
the original monocyte.  A further indication of the value of the concept of two 
different strains of phagocytic mononnclear cells is the theory that the two well 
known types of giant cells of the general connective tissues come from the two 
different strains of cells.  A  type of giant cells,  with scattered nuclei, is readily 
produced from the I~upffer cells of the liver by repeated injections of any particu- 
late  matter.  Such  cells  were  illustrated  by Evans,  Bowman,  and  Winternitz 
(27) by injections of trypan blue and tubercle bacilli.  We think that such giant 
cells may come from clasmatocytes.  The second type, the typical giant cell of 
tuberculosis,  has  its nuclei placed  peripherally,  owing, we think, to the central 
position of the hypertrophied rosette of the original monocyte.  It is our theory 
that the constant presence of the rosette in the normal monocyte indicates that 
this cell has a different function from the clasmatocyte in connection with dealing 
with  the physiological debris of the body, and that the marked development of 
the rosette in the epithelioid  cell indicates  a  specific  reaction of this  cell under 
pathological conditions. 
It is interesting to note that Kageyama (28),  working in Aschoff's laboratory 
on experhuental tuberculosis in mice, has found that the bacilli injected into the 
peritoneal cavity soon reach the sinuses of lymph glands, where they are phago- 
cytized in large numbers by the endothelial cells,  which round up, become free, 
and then disintegrate.  The second reaction is the appearance of leucocytes which 
then take in the freed bacilli.  This process may be repeated with the subsequent 
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days, there is a third reaction, namely, a proliferation of cells in the follicles with 
the production of epithelioid  cells.  He did not find bacilli  within  these  early 
epithelioid cells in contrast to the endothelium of the sinuses. 
The validity of the concept that there are two different strains of phagocytic 
mononudear cells was  strongly called in question by the studies of M. R. Lewis 
(29) with tissue cultures of blood.  Mrs. Lewis started by adding drops of blood 
to cultures of connective tissue to study the phagocytosis of the red blood cells by 
clasmatocytes, and then went on to follow hanging drops of blood alone.  In these 
specimens, she demonstrated that in avian and in mammalian blood, two different 
strains  of large phagocytic forms appeared,  one with  large  vacuoles,  diffusely 
scattered throughout the cell, without pattern, and the other with small  vacuoles 
around the centrosphere,  the typical epithelioid  cell.  These observations were 
extended  to the blood of fishes and reptiles by Lewis and Lewis (30), and to the 
study of the epithelioid  cells  of tuberculosis by Lewis, Willis,  and Lewis (31). 
Their conclusion was that the monocyte of the blood could be shown to give rise 
to both strains of the phagocytic mononuclear cells. 
Sabin, Doan, and Cunningham (22) had also discriminated the monocytes from 
the clasmatocytes on the basis of a difference  in origin, believing that  the mono- 
cytes came from a reticular cell, that is to say, directly from mesenchyme outside 
the vessels, while the clasmatocytes could be more closely related to endothelium. 
In regard to the origin of the clasmatocytes from endothelium, there are two differ- 
ent groups of clasmatocytes to be considered: first, specific types that are intra- 
vascular, and second, the clasmatocytes or macrophages of the connective tissues. 
The intravascular cells are the Kupffer cells of the liver, and the corresponding 
cells which can be stimulated to form within the veins of the splenic pulp (22) and 
in sinuses of the bone marrow (Doan, Curmingham, and Sabin, 32).  It  is our 
opinion that the Kupffer cells  of the sinuses of the liver are daughter endothelial 
cells, which have put out cytoplasmic processes exactly like the  sprouts  of  the 
original angioblasts;  and  that  by means  of these  cytoplasmic processes  which 
attach to the opposite wall, the cell is held in midstream of the blood.  Moreover,. 
we think that the cells which can be experimentally produced in spleen and bone 
marrow are analogous to Kupffer ceils, except that they do not attach themselves 
so relatively permanently to the inner wails of the veins of the pulp, but wander 
freely out into the spaces of the pulp of the spleen or the spaces of the bone marrow, 
or into the peripheral blood stream itself.  Thus, the clasmatocytes of the liver, 
spleen, and bone marrow very probably arise intravascularly from the so called 
specific  endothelia. 
In regard to the origin of the other group of clasmatocytes, those of the diffuse 
connective tissues, it is by no means so easy to determine whether they are directly 
related to endothelium or not.  It was shown by Goldmann that about half of the 
cells of the subcutaneous and intermuscular tissues are highly phagocytic.  These 
cells are like the clasma.tocytes from the specific  endothelia, both in appearance 
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artificially introduced, and they take in red blood cells in the same manner.  It is 
our belief that many of the new clasmatocytes  in adult connective tissues arise 
from the division of preexisting dasmatocytes, but we have made certain observa- 
tions that indicate that in the embryo they may be more closely  related to the 
endothelium.  In living blastoderms of chicks of the 4th to the 7th day of incuba- 
tion, we have found  irregular clumps of cells clinging to the outer walls of certain 
vessels which we have interpreted as indicating the developing  of clasmatocytes 
from endothelium.  However, Sugiyama (33), working with the same material, 
came to the conclusion that these adventitial cells come from  mesenchyme,  since 
they do not stain with neutral red until they become free, while the endothelium 
itself does react to the stain.  It is believed by Mallory and.  his school that there 
is a formation of new dasmatocytes from the endothelium of vessels in the adult 
under many pathological  stimuli.  But it is clear that when these cells form along 
the  outer wall of a  vessel, there is always a  possibility of two different inter- 
pretations  concerning their  origin, either  from the  division of an endothelial 
cell, or from mesenchyme  in the adventitial position; and thus the evidence  cannot 
be regarded as conclusive  for either view. 
Thus, while it has not been possible to bring convincing proof that 
endothelium may give rise to phagocytic types from its outer wall, 
it is not difficult to show that an endothelial cell, while formihg the 
wall of a  vessel, may become phagocytic, and that phagocytic types 
drop off into the lumen of the vessel.  These observations were made 
by Maximow (34)  for mammalian embryos in  1909  and his Fig. 4, 
on Plate xviii, shows both a  red cell within an endothelial cell in the 
wall of a  capillary and exactly similar cells in  the lumen, which he 
interpreted as free, phagocytic endothelial ceUs.  In 1922 Sabin (35) 
described watching the actual freeing of such cells from the inner wall 
of the endothelium of vessels in living specimens.  She saw this process 
in the area vasculosa of chicks from the 3rd day of incubation on, and 
the same thing has now been seen in chicks of the 2nd day of incuba- 
tion  by  Sugiyama.  Both  Maximow  and  Sabin  interpreted  these 
endothelial phagocytes as transitory in the blood stream, but in the 
light  of the  results  of Lewis and Lewis with  cultures of blood, we 
decided to give the matter of their possible permanence a  thorough 
test.  We began with the blood of adult pigeons and found that with 
the supravital technique we could readily find the type of cell which we 
interpret as desquamated endothelium, quite distinct from the mono- 
cyte.  The studies which we are reporting here, however, have been 
made with the blood of normal and tubercular rabbits and with norm  ~" 
human blood. 828  DESQUAMATED  ENDOTHELIAL  CELLS  IN  BLOOD 
We have found that there is a new type of cell, hitherto undescribed, 
as far as we are aware, as a practically constant constituent of normal 
blood.  We consider that it belongs to the general strain of endothelial 
derivatives.  This  cell has  been frequently seen under pathological 
conditions,  when  its  numbers  are  increased.  Such  an  increase  is 
constant  at  a  certain stage  in  experimenta  !  tuberculosis in  rabbits, 
and our drawings are from the blood of tubercular, as well as normal 
rabbits.  These cells appear in normal blood in a great variety of forms 
and sizes; merely for convenience of description, they are divided into 
four types, all of which, however, grade into each other with many 
transitions.  These different forms are given in Figs.  1 to  12.  The 
magnification  of  each cell is shown  by  the  accompanying red  cell. 
There are, first, long cells, such as are shown in Figs. 1 to 3, which 
vary from cells like the one of Fig. 1, whose length is about 2½ times 
the diameter of a  red cell, to the long types of Figs.  2 and 3.  The 
cells of Figs.  1 and 2 were from the blood of normal rabbits;  that of 
Fig. 3 from a  tubercular rabbit.  We have also found these very long 
cells in normal human blood.  The second group is made up of cells 
about the size of the small lymphocyte; they are not illustrated, for 
they are like the third group in every detail, except size.  The third 
group is shown in Figs. 4, 5, and 7, and is made up of cells varying 
in size from that of an intermediate lymphocyte to that of the largest 
monocyte.  Of this  group,  Fig.  4  was from a  normal rabbit.  The 
fourth group,  Figs.  6,  8,  9,  and  10,  contains the largest types.  In 
this group the cell of Fig. 8 was from a normal rabbit.  Attention is 
called to the great size of the cell of Fig. 9, which has a length about 
8 times the diameter of its red cell, which makes its greatest length 
about 40g on the basis of the rabbit's red blood  cell being 5 to 6~ in 
diameter.  Such a cell we think entirely comparable to a giant Kupffer 
cell.  It is the large cell which has been found in pathological condi- 
tions and which has been so frequently described.  We have found it 
also in normal human blood, as well as in blood from the normal rabbit. 
We have found, too,  that these cells are characteristic both as to 
their nuclei and their cytoplasm.  In form, the nuclei may be round, 
oval, long and narrow, or indented.  The most obvious characteristic 
of  the  nucleus in  vital  preparations  is  the  sharp,  nuclear contour. 
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the addition of a little acetic acid, that we have heretofore mistaken 
these cells for degenerating small and larger lymphocytes.  The largest 
forms we have previously taken for disintegrating masses of platelets, 
with  some  degenerating  cell  clinging  to  them,  to  account  for  the 
nucleus. 
In  the  supravital  preparations,  these cells must  be  discriminated 
from  lymphocytes  and  from  degenerating  neutrophilic  leucocytes, 
the so called "non-motile"  cell of Sabin (36).  The nuclei of the endo- 
thellal ceils have an extremely large amount of chromatin which is 
finely divided and  lacks  the  concentrations in  the  nodes,  so  char- 
acteristic of the nuclei of lymphocytes.  In the living preparations, 
the nuclei look dark, on account of the amount of chromatin, in con- 
trast  to  the pale and entirely structureless nuclei of the non-motile 
leucocytes.  This will be dear from a  comparison of the non-motile 
cell shown by Sabin  (36,  Fig.  2)  with the ceils of this paper.  The 
characteristics of the nuclei of the desquamated endothelial cells are, 
however, brought out most dearly in fixed films and are shown in our 
Figs. ii and 12 from cells of the blood in films, stained with Wright's 
blood  stain,  which are practically the same as the nuclei shown on 
Ferrata's colored plate (Figs. I to 4, on Plate xx, 12) and by all the cells 
of Richter (15).  The chromatin of these cells is massive and, in our 
view, made of closely packed granules.  We interpret many of the 
dear zones as interspaces; some of the nuclei have also definite nudeoli, 
as  was  shown  by Ferrata  and  Richter.  The  characteristics of the 
nuclei are to be studied with care, since we find that the cytoplasm is 
so fragile that some of the cells of this type appear not infrequently 
as nuclei with thin, torn veils of cytoplasm around them. 
The cytoplasm of these cells, especially of the long, the small, and 
the intermediate types, is entirely clear and structureless, except for 
certain refractile bodies.  Of all the types, the small cells have fewest 
of the refractile bodies, there often being but five or six clinging to the 
nucleus, while the larger cells may be  quite filled with them.  The 
cytoplasm of more than half of the endothelial cells is  entirely un- 
stained in  our  supravital  technique,  when  the  blood is first  drawn. 
These unstained forms arershown in Figs. I to 6.  The refractile bodies 
are shown as either light or dark, as they actually appear, according 
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and somewhat in shape; they are decidedly more refractile than mito- 
chondria, which are rather dull in the living state, but they are less 
refractile than  the granules of the non-motile cell of the supravital 
preparations.  We have studied these cells in films with Janus green 
alone, according to  the suggestion of Dr. W.  H. Lewis, so that the 
combination of neutral red with Janus green might not obscure mito- 
chondria, and when one of the endothelial cells lies close to a lymph- 
ocyte, the contrast is striking.  The mitochondria of the lymphocytes 
are  a  clear  blue  color  in  Janus  green,  while  the  refractile  bodies 
of the desquamated endothelial cells react, if at all, with a pale, green- 
ish tint.  This reaction we do not interpret as having any relation to 
mitochondria, and there are no other bodies to be seen in the cells. 
We wish to make it clear that by these observations we do not mean 
that the clasmatocytes always lack mitochondria, since Sabin, Doan, 
and Cunningham (22)  have shown many  clasmatocytes with  mito- 
chondria, but we do mean that many of the cells we are here describing 
as present in normal blood, and interpreting as desquamated endothe- 
lium,  apparently  lack  them;  in  other  words,  we  think  that  mito- 
chondria may not be present continuously through the entire life cycle 
of a given cell. 
When one of the unstained cells is watched, a  staining of the re- 
fractile bodies may develop, or a  cell, such as the one of Fig 9, may 
show  a  few  stained  bodies  when  it  is  first  observed--immediately 
after being taken from the animal.  In the cells of Figs. 7, 8, and 10, 
all the formed bodies in  the cytoplasm were stained in neutral red. 
In some cells of this type, we have seen the  scarlet reaction which 
neutral red takes in acid solution.  Of the larger cells, one is shown, 
Fig.  6,  in which there were no neutral red bodies,  but the cell had 
phagocytized a  red blood cell, which was placed against the nucleus 
of the original cell.  The yellow color of the unchanged hemoglobin 
was entirely distinct in  the specimen.  The cell of Fig. 9  showed a 
few stained bodies, while that of Fig. 8 showed many.  The sheet of 
endothelium shown in Fig.  10 was  only partially stained when first 
found, but gradually all the formed bodies took the dye. 
In the cells of Figs. 7 to 10, most of the stained bodies show a uni- 
form staining with neutral red, but we have found endothelial cells in 
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red,  so characteristic of the clasmatocytes in active function from the 
spleen and peritoneal exudates shown by Sabin, Doan, and Cunning- 
ham (22).  We have not succeeded in getting a  drawing of this type 
of the cell from the blood, on account of the rapid fading of the stain. 
We had the same experience in getting drawings of the highly phago- 
cytic types for the previous paper, and had to make many attempts, 
with the artist ready to work before the preparations were made, in 
order to get any adequate record of the cell.  In watching these large, 
functionally active cells in the supravital preparations, we have found 
that the color usually fades suddenly from the cell, leaving no trace; 
that is to say, the dye becomes entirely bleached out.  In this process, 
the nucleus takes no stain.  Nevertheless, the clasmatocyte is clearly 
dying at the time of the sudden bleaching, and rapidly degenerates 
and disintegrates.  This is different from the way the leucocyte dies, 
for its nucleus begins to stain with the acid reaction of the dye.  Doan 
(37)  has followed the death and disintegration of highly phagocytic 
clasmatocytes of the bone marrow in  supravital preparations, from 
cases of pernicious anemia, and has determined the rate of degenera- 
tion by successive differential counts of the same preparation.  We, 
therefore, conclude that these cells frequently disintegrate at the end 
of a phase of digesting an enormous amount of debris.  Exactly the 
same phenomenon of the bleaching of neutral red during cytolysis 
was observed by Plantin (38)  and by Needham and Needham (39) 
with ameb~e.  Needham  and  Needham  interpret  this  bleaching  of 
netural red in their preparations as follows: that the cytolysis develops 
not only an acidity, but also a reducing activity and that certain sub- 
stances which need oxidation arise with an accompanying reduction 
of the dye. 
From these observations, we  think that  some of  the endothelial 
cells we find in the blood are degenerating, while others are alive and 
performing the function of ingesting and digesting debris.  The signs 
of degeneration are the absence of mitochondria, certain clear vacuoles, 
such as the one against the nucleus in Fig. 7, which are a frequent oc- 
currence,  and a  ruptured cell membrane which occurs even in  the 
supravital technique.  The cell we find most frequently with a  rup- 
tured cell membrane is the smallest type; in  connection with these 
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crimination of them from small lymphocytes is that some have positive 
peroxidase granules.  This will be discussed in another paper in this 
journal as evidence of phagocytic action.  Some of the endothelial 
cells on our plates were clearly alive, as indicated by their motility, 
and by their signs of phagocytosis. 
The two endothelial cells from fixed films in Figs.  11 and 12 show 
both the structure of the nucleus and the nature of the cytoplasm. 
Both of these were large cells with intact cytoplasm; in both, as in the 
living  cell,  the  cytoplasm was delicate, like  a  thin  veil.  We  have 
found that the cytoplasm is usually faintly basophillc; often it con- 
tains no granules, but again it may have few or many, reacting either 
with the blue or the red components of the methylene blue-azur.  We 
interpret  these granules as ingested debris,  and  consider that  their 
staining reaction thus varies, both with their inherent nature and with 
their  state of digestion.  The granules of Fig. 12 are shown in blue, 
but they actually stained much like neutrophilic granules. 
If  our  interpretation  of  these  cells  as  desquamated endothelium 
is correct, then the marked variation in size would seem to indicate 
that they have a general origin from the endothelium of the vessels-- 
arteries, veins, and capillaries--as well as from the specific endothelia, 
rather than an origin restricted to the vessels actually punctured.  In 
one instance, in a tubercular rabbit, large sheets of endothelium were 
found in the circulating blood, which we think surely came from the 
spleen.  In one sheet of desquamated endothelium 19 cells were found; 
in another 13.  This rabbit  (R 19)  was killed immediately after the 
studies of the blood were made.  The spleen was enormous, weighed 
17.5  gin., and measured 10 by 2.5  by 1.5 cm.  Rous and Robertson 
(40)  give 0.68 per 1800 gin. body weight as the normal weight of the 
spleen in  the rabbit.  Supravital films of the spleen showed sheets 
of cells similar to those of the peripheral blood.  A sheet of cells from 
another rabbit, shown in Fig. 10, has an entirely clear area in one of 
the cells, which may be one of the well known fenestrated endothelial 
cells from the spleen. 
In  1925,  Sabin,  Cunningham, Doan,  and tGndwall  (41)  reported 
counts of normal human blood at intervals of 15 minutes for 6  to 8 
hours, in which they showed that there was a  characteristic rhythm 
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made with the supravital technique, but fixed films were taken at the 
same time.  In studying the fixed films, all fragile leucocytes, that is, 
leucocytes with a  ruptured cell wall and scattered, neutrophilic gran- 
ules, and all the free nuclei, that is, the smudges that showed a definite 
nuclear  structure,  were  counted  as  the  non-motile  cells.  As  will 
be seen in their table, on page 46, this gave consistently a higher figure 
for the non-motile cells of fixed films than of the supravital prepara- 
tions, the average excess being 4 per cent. 
As a  continuation of this study, we made the following experiment. 
Nine preparations of normal human blood were taken, in  rapid  succession, 
from the same puncture; a total white count, a supravital preparation, five pairs 
of cover-slips for Wright's stain, and a second supravital preparation and total 
white count were made.  The puncture was sufficiently deep for a  free flow of 
blood, so that there was no need of squeezing the finger throughout the experiment. 
The two observations for the total white count at the beginning and at the end of 
the experiment were 7200 and 7600 respectively.  We each made one of the differ- 
ential counts of the supravital preparations and got results in which the difference 
was within one cell per each type.  We then counted 150 to 400 cells on each of 
the two pairs of cover-slips of the fixed films, taking the average of the two films 
for each interval.  It was found that the fragile leucocytes, that is, those with a 
ruptured cellular  membrane, clear nuclei,  and  scattered neutrophilic granules, 
must be counted as the non-motile, or dying leucocytes.  Their number is almost 
always greater than the number of non-motile leucocytes of living films, but the 
sum of these fragile and intact leucocytes of the fixed films corresponds to the sum 
of the motile and non-motile leucocytes of the vital preparations.  In other words, 
more leucocytes are fragile in the technique of pulling films than are actually in 
the non-motile phase of the supravital technique. 
The study of the endothelial cells of fixed films is bound up with the 
study of smudges.  It will be noted that many of the so called smudges 
of fixed films are compact, dense structures, staining and looking like 
the nuclei of the endothelial cells of Figs.  11 and 12.  They show the 
same violet reaction in methylene blue-azur.  However, when all the 
smudges that are clearly nuclear are counted, in such an experiment 
as the one recorded above, they far exceed the number of endothelial 
cells  of the  living  films.  To  make  a  correlation,  it  is  necessary to 
restrict the identification of endothelium strictly to cells with intact, 
or at least distinct and characteristic veils of cytoplasm.  With these 
restrictions, we find endothelial cells in normal human blood up to  3 
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We have, then, sought to analyze smudges with more care.  In the 
supravital films, there are usually masses of debris, varying consider- 
ably in size and appearing more like agglutinated and degenerating 
platelets.  Platelets,  when  first  drawn,  stain  characteristically  in 
neutral red, but this staining fades.  When the debris is studied in 
fixed films, however, it appears much more like nuclear debris.  Some 
smudges are dearly compact, sharply outlined, free nuclei.  In Fig. 
13 is shown a fragile, neutrophilic leucocyte, in which one lobe of the 
nucleus shows a  beginning of the streaks  so  characteristic of some 
smudges.  From these studies we think that smudges are largely of 
nuclear origin,  that  cytoplasm of damaged cells disintegrates more 
readily than the nuclei, and that the smudges are, in part, nuclei of 
disintegrated blood cells, in part nuclei of disintegrated endothelial 
cells, but they do not represent cells that were living at the moment 
the blood was drawn.  In other words, cells damaged by the technique 
of making films will probably show cytoplasm as well as nuclei. 
Studies have been made of the occurrence of endothelial cells in 
normal rabbit  and human blood.  From a  series of twenty rabbits, 
66  differential counts were made.  It  is  our  custom to  puncture  a 
vein, wipe off the first drop, and take the second if the blood is flowing 
freely.  One hundred cells are counted, and, if no dasmatocytes are 
found, a second hundred are counted.  In these counts, clasmatocytes, 
that is, endothelial cells, were present in percentages varying from 0.5 
to 8 per cent in 78.7 per cent of the counts.  In normal human blood, 
they were present up to 4 per cent in 80 per cent of the counts.  In 
tubercular rabbits,  there was a  fairly constant increase in clasmato- 
cytes up to 17 per cent.  We have also found a transitory increase in 
them  within  the  1st  hour after the injection of heterologous blood 
serum. 
CONCLUSIONS. 
1.  There is a practically constant desquamation of endothelial cells 
into the circulating blood in rabbits and man. 
2.  These endothelial cells represent the entire range in size of endo- 
thelium from very small cells, possibly from capillaries, up to the type 
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3.  These desquamated cells can be discriminated from monocytes. 
4.  There are common morphological and functional characteristics 
among the following cells: the clasmatocytes from the specific endo- 
thelia, such as the ceils from the sinuses of the liver, spleen, and bone 
marrow;  the  clasmatocytes  of  the  diffuse  connective tissues;  and 
desquamated endothelial cells  occurring in normal and pathological 
blood. 
5.  There are  four strains of white cells in the normal circulating 
human  and  rabbit  blood,  granulocytes,  lymphocytes, monocytes, 
and endothelial phagocytes. 
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EXPLANATION  OF PLATES. 
PLATE 31. 
FIG.  1.  Desquamated  endothelial  cell,  from  the  blood of a  normal  rabbit 
(R 14, Jan.  15, 1926), studied in supravital neutral red.  The accompanying red 
cell gives  the magnification.  Endothelial cells in this preparation,  1 per cent. 
FIG. 2.  Desquamated, long endothelial cell, from the blood of a normal rabbit 
(R 51, Jan. 19, 1926), studied in supravital neutral red.  Endothelial cells in this 
preparation, 1 per cent. 
FIG. 3.  Desquamated endothelial cell, from the blood of a rabbit (R 41, Jan. 15, 
1926), 10 days after an intravenous injection of bovine tubercle bacilli; studied in 
supravltal neutral red.  Endothelial cells in this preparation, 4 per cent. 
FIG. 4.  Desquamated endothelial cell, of medium size, from the blood of a normal 
rabbit (R 15, Dec. 3, 1925), studied in supravital neutral red.  Endothelial cells 
in this preparation, 7 per cent.  The Cytoplasm showed both refractive bodies 
and entirely unstained vacuoles;  the latter we consider a sign of degeneration. FLORENCE  R.  SABIN AND  CHARLES  A.  DOAN  837 
FIG.  5.  Desquamated  endothelial  cell,  of medium  size,  from the  blood  of a 
rabbit (R 19, Dec. 4, 1925),  18 days after intravenous injection of bovine tubercle 
bacilli;  studied  in supravital  neutral  red.  The nucleus of the cell  was almost 
completely divided.  There were sheets of endothelium containing as many as 19 
cells  in the preparation from which this drawing was made. 
FIa. 6.  Desquamated, large endothelial cell, from the blood of a rabbit (R 16, 
Dec. 9,  1925),  23 days after an intravenous injection of bovine tubercle bacilli; 
studied in supravital neutral red.  This cell had ingested a red cell, which showed 
the unchanged color of hemoglobin and there were three unstained masses over it. 
The red cell lies close to the nucleus of the endothelial cell.  Endothelial cells in 
this preparation, 7 per cent. 
PLA~ 32. 
FIG.  7.  Desquamated  endothelial  cell,  of medium  size,  from the  blood  of a 
rabbit  (R 31, Nov. 30,  1925),  14 days after an intravenous  injection of bovine 
tubercle bacilli;  studied in supravital neutral red.  Endothelial cells in this prep- 
aration, I per cent. 
FIG. 8.  Desquamated, large endothelial cell, from the blood of a normal rabbit 
(R 14, Dec. 18, 1925); studied in supravital neutral red.  All of the formed bodies 
in the cell reacted to the dye.  Endothelial cells in this preparation,  1 per cent. 
FIo. 9.  Desquamated, large endothelial ceil, similar to a Kupffer cell, from the 
blood of a rabbit (R 16, Nov. 30, 1925),  14 days after an intravenous injection of 
bovine tubercle  bacilli;  studied  in supravital  neutral  red.  Endothelial  cells  in 
this preparation, 4 per cent.  Theouflinesalong the border indicate the movement 
of the cell while it was being drawn. 
FIO.  10.  Sheet  of three,  desquamated  endothelial  cells,  with  some platelets, 
from the blood of a  rabbit  (R 16, Dec.  19, 19~25), 33"days after an intravenous 
injection of bovine tubercle bacilli; stainedin supravital neutral red.  Endothelial 
ceils in this preparation,  13 per cent.  When the drawing was started, only a few 
of the formed bodies were stained.  The dotted outline shows the final form of the 
cells  when  the  drawing  was  finished,  indicating  movement. 
FIG.  11.  Desquamated  endothelial  cell,  of medium size,  from the blood of a 
rabbit  (R  19,  Dec.  2,  1925),  16 days after an intravenous injection of  bovine 
tubercle  bacilli;  stained  with  Wright'.~  methylene  blue-azur.  On this  day the 
differential count with the supravital technique showed 17 per cent of endothelial 
cells.  The  cell  contained  some  phagocytized debris,  which  stained  a  reddish 
purple, though shown in gray in the reproduction; the nucleus was indented. 
FIO.  12.  Large, endothelial cell, from the same preparation as the cell of Fig. 
11.  This cell had a large, oval nucleus and a thin veil of cytoplasm. 
FIG. 13.  Fragile, neutrophilic leucocyte, from normal human blood, to show the 
nature of the degeneration of the nucleus with lines of changing chromatin, such 
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